Patients with schizophrenia, bipolar disorder and their unaffected relatives show white matter density and integrity reductions in the anterior limb of the internal capsule (ALIC).
1,2 These deficits have been recently localized to the anterior thalamic radiation (ATR) using tractography. 3 Neuregulin-1 (NRG1) is a gene associated with risk for schizophrenia 4 and bipolar disorder 5 as well as with white matter density and integrity in the medial prefrontal cortex 6 and the ALIC. 7 In this study, tractography reveals that these NRG1 effects can also be localized to the ATR.
The genotypes of two NRG1 single nucleotide polymorphisms (SNPs), SNP8NRG243177 and SNP8NRG221533, were determined from the DNA of 34 healthy control subjects using PCR (TaqMan, AssayByDesign). The number of subjects in each genotype group did not significantly deviate from the Hardy-Weinberg equilibrium for either SNP (TT = 6, CT = 12, CC = 16; TT = 17, CT = 13, CC = 4; Pearson's w 2 -tests: P = 0.19; P = 0.54). As expected, the SNPs were in linkage disequilibrium (Pearson's w 2 -test = 41.16, P < 0.00001, D' = 0.9). The genotype groups did not significantly differ with respect to sex, age, IQ (NART), alcohol consumption or education level. No subjects had a history of harmful substance misuse. The study was approved by the local ethics committee and all participants gave written informed consent.
Whole-brain diffusion-tensor imaging (DTI) data were acquired on a 1.5 T MRI scanner using a singleshot pulsed gradient spin-echo echo-planar imaging sequence with diffusion gradients (b = 1000 s mm À2 ) applied in 51 non-collinear directions. Forty-eight 2.8 mm contiguous axial slices were acquired with a field of view of 220 Â 220 mm (TR = 17 s, TE = 93.4 ms and matrix = 96 Â 96, zero-filled to 128 Â 128).
The imaging data were pre-processed using the FSL toolbox (FMRIB, Oxford, UK). Left and right ATR were automatically segmented in each subject using neighbourhood tractography 8 as previously implemented. 3 The resulting tracts were checked by eye, blind to genotype group, and those that were truncated, branched or deviated from the expected anatomical structure were discarded. A mean fractional anisotropy (FA) value, weighted according to the likelihood of connection between the voxel and the seed point, was calculated for the left and the right ATR in each subject. (See Supplementary Material for a more detailed description of the acquisition methods and tractography analyses.) Figure 1 Effects of SNP8NRG243177 and SNP8NRG221533 genotypes on mean FA of left and right anterior thalamic radiation (ATR). The differences were significant for the left ATR only. SNP8NRG243177: t = 5.52 (P < 0.001); SNP8NR G221533: t = 4.69 (P < 0.001).
A total of 28 people provided usable tractography data for subsequent statistical analyses. The CT and TT groups were merged together in a T-carrier group to improve statistical power. The mean FA values of left and right ATR of each subject were analysed with SPSS (version 14; SPSS Inc.). Results were similar for both SNPs. Mixed model repeated-measures analyses with hemisphere as within-subject factor and FA value as dependent variable revealed that there were significant hemisphere Â genotype interactions for both SNPs (F = 14.138, P = 0.02; F = 7.18, P = 0.015). Subsequent t-tests for each hemisphere separately (for both SNPs) resulted in a significant genotype effect for the left hemisphere only (Figure 1) .
Here, in the first DTI tractography investigation of NRG1 and white matter integrity, we show that both the two risk-associated variants of NRG1, the 'T' allele at SNP8NRG243177 and 'C' allele at SNP8NRG221533, are associated with reduced white matter integrity in the left ATR. As the SNPs are in strong linkage disequilibrium, it is possible that both are indexing the same genetic effect. Although previous voxel-wise FA analyses have localized the effects of these SNPs to seemingly different anatomical regions, 6, 7 the present data demonstrate that these effects may be common to a specific tract, the ATR.
It has been previously established that NRG1-erbB expression is important in axonal migration and myelination. 9 The ATR connects the dorsomedial and anterior thalamic nuclei with the prefrontal cortex. If psychosis-risk-related variants of NRG1 disrupt this connection, as we show here, this provides a possible explanation of the abnormal prefrontal function and connectivity often reported in psychosis, and a potential mechanistic link between variation in NRG1 genotype and risk for psychotic disorders. 
